We studied the Class I protostar 2MASS 22352345+7517076 whose dramatic brightening between the IRAS , Akari and WISE surveys was reported by Onozato et al. (2015) . 2MASS 22352345+7517076 is a member of a small group of low-mass young stellar objects, associated with IRAS 22343+7501 in the molecular cloud Lynds 1251. The IRAS , ISO , Spitzer , Akari, Herschel , and WISE missions observed different stages of its outburst. Supplemented these data with archival and our own nearinfrared observations, and considering the contributions of neighbouring sources to the mid-infrared fluxes we studied the nature and environment of the outbursting object, and its photometric variations from 1983 to 2017. The low-state bolometric luminosity L bol ≈ 32 L ⊙ is indicative of a 1.6-1.8 M ⊙ , 1-2×10 5 years old protostar. Its 2-µm brightness started rising between 1993 and 1998, reached a peak in 2009-2011, and started declining in 2015. Changes in the spectral energy distribution suggest that the outburst was preceded by a decade-long, slow brightening in the near-infrared. The actual accretion burst occurred between 2004 and 2007. We fitted the spectral energy distribution in the bright phases with simple accretion disc models. The modelling suggested an increase of the disc accretion rate from ∼ 3.5 × 10 −7 M ⊙ yr −1 to ∼ 1.1×10 −4 M ⊙ yr −1 . The central star accreted nearly 10 −3 M ⊙ , about a Jupiter mass during the ten years of the outburst. We observed H 2 emission lines in the K -band spectrum during the fading phase in 2017. The associated optical nebulosity RNO 144 and the Herbig-Haro object HH 149 have not exhibited significant variation in shape and brightness during the outburst.
INTRODUCTION
Star formation begins in the densest regions of interstellar molecular clouds. The earliest phases of mass accumulation take place in the most opaque parts of the cloud cores. Stellar mass is build up from accretion discs, resulting from the rotation of the collapsing cloud core. Accretion discs act as mass reservoirs. Mass accretion from the disc onto the star is driven by disc instabilities, therefore is a strongly variable process. Theoretical considerations (e.g. Vorobyov & Basu 2015) suggest that the masses of Sun-like stars build up during a sequence of accretion bursts. The most powerful bursts occur in the embedded phase of star formation, when ⋆ E-mail: kun@konkoly.hu the disc is fed by the gas from the collapsing envelope. Outbursts of the optically visible young stars can be observed in the FU Orionis and EX Lupi type stars. Mechanisms of mass accumulation and disc heating, leading to accretion bursts, are discussed in several theoretical papers (e. g. Bell & Lin 1994; Bell et al. 1995; Vorobyov & Basu 2006; Zhu et al. 2009; Bae et al. 2014) . Each scenario postulates the presence of an envelope, therefore FUors may represent a transition from embedded to optically visible young stars. According to the scenario developed by Zhu et al. (2009) , episodic outbursts can be explained by accumulation of matter in the inner disc region due to angular momentum rearrangements in the outer disc, resulting from gravitational instabilities. The increasing degree of ionization at the high-temperature inner disc region activate other (magneto-rotational, ther-mal) instabilities which forward gas from the disc onto the star.
Outbursting protostars (Class 0 and Class I young stellar objects, YSOs, Greene et al. 1994 ) are younger siblings of FUors, observable only in the infrared. Duration of outbursts and their effects on the central star and its circumstellar environment, reflected in the near-infrared spectra (Connelley & Reipurth 2018) , distinguish these objects from FUors and EXors. Infrared observations of the recent decade (e.g. Contreras Peña et al. 2017a ) revealed dozens of embedded protostars with various amplitudes and time scales of outburst. Several of them exhibited near-infrared spectra similar to optically visible FU Ori and EX Lupi type eruptive stars (Contreras Peña et al. 2017b ). Kuffmeier et al. (2018) performed a detailed simulation of protostellar evolution in various environments and found that infall on to the circumstellar disc may trigger gravitational instabilities in the disc at distances around 10 to 50 AU, leading to strong accretion bursts which typically last for about 10 to 100 yr, consistent with typical orbital times at the location of the instability. Outbursting protostars are excellent laboratories for constraining the physical processes of episodic accretion. They are, however, rare and difficult to find. Only a few of them were examined in detail (e.g. OO Ser, V2775 Ori, and HOPS 383, Kóspál et al. 2007; Fischer et al. 2012; Safron et al. 2015, respectively) .
The target of the present paper, 2MASS 22352345+7517076, belongs to the class of the embedded eruptive YSOs. It is associated with IRAS 22343+7501, a protostellar source embedded in the molecular cloud Lynds 1251. Rosvick & Davidge (1995) identified a cluster of five near-infrared sources associated with IRAS 22343+7501 (RD95 A, B, C, D, and E). The cluster is a source of several molecular outflows (Sato & Fukui 1989; Nikolić et al. 2003; Kim et al. 2015) , the Herbig-Haro jet HH 149 (Balázs et al. 1992) , and radio continuum jet sources (VLA 6, 7, and 10, Reipurth et al. 2004) . At optical wavelengths it is associated with the faint, red reflection nebula RNO 144 (Cohen 1980) . The dramatic brightening of IRAS 22343+7501 at mid-infrared wavelengths between the IRAS (1983), Akari (2006) , and WISE surveys was reported by Onozato et al. (2015) . They established that the outbursting star was RD95 D, coinciding with 2MASS 22352345+7517076 and with VLA 6, and found that most of the brightening occurred between 2006 and 2010. Their near-infrared observations have shown that the K s magnitude of the outbursting star was some 4 mag brighter in 2013 than the 2MASS K s, measured in 1999. The mid-infrared IRAS , Akari , and WISE fluxes, however, contain fluxes of other members of the IRAS 22343+7501 group, therefore Onozato et al. (2015) have not attempted to untangle the true nature of the outbursting star and the outburst phenomenon.
In order to characterize the central star and the outburst of 2MASS 22352345+7517076 in more detail we analysed archival data from IRAS to NEOWISE-R, and performed near-infrared spectroscopic and photometric observations in 2016 and 2017. We corrected all mid-infrared fluxes for the contribution of neighbouring sources. We describe the new and archival observational data in Section 2. Light curves, colour-magnitude and colour-colour diagrams, as well as spectral energy distributions are presented in Sect. 3, and discussed in Sect. 4. We summarize our results in Sect. 5.
DATA

Distance of Lynds 1251
Literature values of the distance of L1251 are 300 ± 50 pc (Kun & Prusti 1993 ) and 330 ± 30 pc (Balázs et al. 2004 ). Parallaxes of optically visible members of Lynds 1251, published in Gaia Data Release 2 (Gaia Collaboration et al. 2018) , allow us to derive an improved distance of this starforming region. The average parallax of the 15 known members of L1251, included in Gaia DR2, and the standard deviation of the average result in a distance of 350 +46 −38 pc. We adopt the new distance during the present work.
Photometric and spectroscopic observations
We list in this Section the data available for the outbursting protostar, including our own and archival data chronologically. Original observations and data reductions are described in detail.
IRAS , 1983. The 12, 25, 60, and 100 µm fluxes of IRAS 22343+7501 are composite of the mid-and far-infrared fluxes of several sources, revealed by near-infrared observations within the field of view of the IRAS detectors (Rosvick & Davidge 1995) . We estimated and subtracted the contribution of neighbouring sources (see Sect. 2.3) from the F 12 and F 25 fluxes, listed in the IRAS Faint Source Catalog, and use the corrected fluxes during this work.
Pre-outburst optical observations, 1990 and 1999. Optical images of the region were taken in 1990 November 18 with the 3.5-m telescope of the Calar Alto Observatory through narrow-band Hα and S ii, and broad-band red filters. The observations resulted in the discovery of the optical jet HH 149 (Balázs et al. 1992) . We obtained optical images of the same region through Johnson R and I filters using the CAFOS instrument, installed on the 2.2-m telescope of the Calar Alto Observatory on 1999 August 7. The images were reduced in IRAF. We examine them to reveal possible changes in the shape and brightness of the optical nebula during the outburst. The lower left panel of Fig. 1 shows a 2 ′ × 2 ′ part of the I -band image.
Pre-outburst near-infrared and submillimeter data, 1993. Rosvick & Davidge (1995) published near-infrared J and K ′ -band magnitudes, measured on images observed on 1993 August 30 with the Redeye detector, installed on the Canada-France-Hawaii Telescope (CFHT) for five sources, denoted as A, B, C, D, and E, associated with IRAS 22343+7501. The outbursting source is RD95 D, the second faintest of the five objects, clustered within the field of view of the IRAS . They estimated a visual extinction of 32 ± 5 mag toward the line of sight of the sources. These authors also observed IRAS 22343+7501 at 0.85, 1.1, and 1.3 millimeter, using the UKT14 detector on the James Clerk Maxwell telescope.
ISO observations, 1996. IRAS 22343+7501 was observed at 4.5 and 12.0 µm with the ISOCAM instrument (Cesarsky et al. 1996) on board the Infrared Space Observatory (ISO) on 1996 December 31. The data were reduced with the CAM Interactive Analysis Software V5.0 (CIA Ott et al. 1997) . Pipeline-processed data are available in the ISO Archive 1 . The sources identified in a 6 × 6 mosaic of images, centred on RA (2000) L1251 was also observed with the ISOPHOT detector of ISO on 1996 December 31 at 100, 120, and 200 µm, using the C100 camera at 100 and 120 µm and the C200 camera at 200 µm. Maps of the cloud were obtained with the P22 astronomical observing template mode . The data reduction was performed using the ISOPHOT Interactive Analysis Software Package V10.0 (PIA Gabriel et al. 1997) . We followed in detail the processing scheme described in del Burgo et al. (2003) . The source's flux density was determined by fitting the profile with the footprint of a point source on top of an extended baseline (Ábrahám et al. 2000) .
2MASS 1999. The outbursting star was observed on 1999 October 11. 2MASS J22352345+7517076 was detected only in the K s band with photometric quality flag 'E', and lower magnitude limits are given for the J and H bands. The 2MASS K s image of the IRAS 22343+7501 region is shown in the lower middle panel of Fig. 1 . Our target is the faint source D at the centre. Sources A and B correspond to 2MASS 22352497+7517113 and 2MASS 22352442+7517037, respectively. (Suresh et al. 2016 ) with the SHARC-II instrument, having angular resolution of 10 ′′ . The size of object is 27.1 ′′ × 25.3 ′′ , corresponding to 9500 × 8870 AU at 350 pc.
SHARC-II 2003 IRAS 22343+7501 was observed at 350 µm in 2003 September
Spitzer IRAC 2004. The molecular clump L1251 C, containing IRAS 22343+7501, was observed by the IRAC camera of the Spitzer Space Telescope (Fazio et al. 2004) , as part of The Cores to Discs (c2d) Legacy programme (Evans et al. 2003) . IRAC observations were performed on 2004 October 18. Kim et al. (2015) identified 19 YSOs in the clump, and presented improved flux values for 3.6, 4.5, 5.8, and 8.0 µm. The sources IRS 1, IRS 2, and IRS 3 correspond to the nearinfrared sources RD95 D, RD95 B, and RD95 A, respectively. The Spitzer data have shown IRS 1 to be a Class I YSO, whereas IRS 2 and IRS 3 are Class II sources (Greene et al. 1994) . The 3.6-µm c2d image of the region is shown in the lower right panel of Fig. 1 we used the pipeline (S18.12.0) produced post-BCD mosaic in our analysis. The data processing of the MIPS 70 µm measurement was started with the basic calibrated data (BCD) images. As a first step, we removed residual artifacts from the images by applying column spatial filtering and time-median-filtering as described by Gordon et al. (2007) . The improved BCD data then were co-added and corrected for array distortions using the MOsaicking and Point source Extraction tool (MOPEX, Makovoz & Marleau 2005) . During the latter step permanently damaged pixels and data flagged in the BCD mask files were also discarded. IRAS 22343+7501 is strongly saturated in the 24-µm image. Assuming that our target is a point source at this wavelength we used the repair_saturated routine of the starfinder tool (Diolaiti et al. 2000) to replace the core of the star's image with a template representing an estimate of the model point-spread function (PSF). The PSF was constructed following Engelbracht et al. (2007) . Finally we performed PSF photometry to extract the flux density of the source. At 70 µm we applied aperture photometry. The aperture radius was set to 35 ′′ , while the background was estimated in a sky annulus from 39 to 65
′′ . The appropriate aperture correction factor, valid for sources with a temperature of 60 K, was taken from Gordon et al. (2007) . By analyzing observations of bright stars and asteroids with the MIPS 70-µm array Paladini & Noriega-Crespo (2009) found that photometry of sources brighter than 2 Jy could be severely affected by non-linearity at high count rates. To correct this effect we used the formula proposed by Paladini & Noriega-Crespo (2009) for aperture photometry in their figure 6 (straight line model). Uncertainties were computed by adding quadratically the internal error and the absolute calibration uncertainty (4 and 7% for 24 and 70 µm data, respectively; MIPS Data Handbook).
SMA 1.3-mm 2007
Three members of IRAS 22343+7501 were resolved at 1.3 mm by the Submillimeter Array (Kim et al. 2015 through N2 (2.4 µm), N3 (3.2 µm), and N4 (4.1 µm) filters, as well as a slitless grism spectrum over the 2.5-5.0 µm region are available in the Akari archives (Yamashita et al. 2016) . The field of view was about 9.1×10.0, 9.3×10.0 and 9.5×10.0 arcmin for the N2, N3, and N4 filters, respectively, and the pixel size was 1.46 ′′ . Two sets of images were obtained, a short (∼ 4.67 s), and a long-exposure one (44.4 s). Our target was strongly saturated in the long-exposure images. We performed aperture photometry on the pipelineprocessed short-exposure images. We measured the fluxes of stars within the field of view in 2-pixel apertures, and the sky background on 2-pixel wide annuli around the apertures. Then we applied aperture correction, determined by measuring several isolated field stars in a series of apertures from 2 to 12 pixel radii. Results of the photometry are listed in Table 2 .
The slitless spectrum of IRAS 22343+7501 was obtained through the NG grism, having a dispersion of 0.0097 µm pix −1 . Our target is saturated in the spectroscopic image. To get a qualitative insight into the spectral appearance of the object we extracted one-dimensional spectrum using the outer, unsaturated columns of the pipelinereduced, wavelength-calibrated, background-subtracted image. The spectrum is shown in The IRAC instrument at 3.6 and 4.5 µm was used in full-array mode with exposure times of 0.4 s per frame. 2MASS 22352345+7517076 is saturated in each image. We determined the flux of the star on the post-BCD mosaic images, using annular apertures that avoided the central, saturated part of the stellar image, using the 'phot' task of IRAF. The centre of the saturated image was adjusted by measuring its position compared to the nearby sources RD95 A and RD95 B. Absolute fluxes of unsaturated stars were determined by measuring their fluxes in a 4-pixel aperture, the sky background on an annulus between the 20th and 33th pixel, and applying aperture correction, given in the IRAC Instrument Handbook 3 . Then we measured their fluxes in apertures of 3, 4, 5, and 6 pixel radii, and obtained the fluxes in annular apertures by subtracting the smaller aperture fluxes from the larger ones. The ratio of the flux measured in the annulus between r1 and r2 to the total flux, Fr1−r2/F total , was derived for the unsaturated stars in the mosaic, and the average of this ratio was used to convert the flux of the target star, measured in the annular aperture, to total flux. Variations of the point spread function within the image are accounted for in the uncertainty of the Fr1−r2/F total ratio. The uncertainties were estimated as quadratic sum of the photometric and flux ratio error. Finally we averaged the results, obtained from the annuli between 4-5 and 5-6 pixel radii, and applied colour correction according to the IRAC Instrument Handbook . The results are listed in Table 3 Results from c2d measurements, Kim et al. (2015) .
WISE data 2010-2017. 2MASS 22352345+7517076 was observed by the Wide-field Infrared Survey Explorer (Wright et al. 2010 ) at 3.4, 4.6, 12.0, and 22.0 µm (W1 , W2 , W3 , and W4 bands, respectively) on 2010 Feb 4-6 and in the W1 and W2 bands on 2010 Aug 13-16. We downloaded all time-resolved observations from the AllWISE Multiepoch Photometry Table (Cutri et al. 2013 ). The source is affected by saturation in the W1 and W2 bands. Its brightness is, however, below the limit where the number of the unsaturated pixels are sufficient for reliable profile-fit photometry (2.0 and 1.5 mag for the W1 and W2 bands, respectively, see Sect. 6.3 of the WISE Explanatory Supplement). We computed the average of all high-quality (ph qual equal A or B) profile-fit magnitudes and converted the average magnitudes into fluxes. Colour corrections were applied following the WISE Explanatory Supplement 4 . We note that the All-WISE Source Catalog, based on all available measurements, gives a low-quality [W 2] magnitude for our target.
Since the beam sizes of WISE are approximately 6 arcsec in both the W1 and W2 bands, contamination from the neighbouring point sources RD95 A and RD95 B had to be taken into account. We used the Spitzer IRAC fluxes of these pre-main-sequence stars, listed by Kim et al. (2015) to estimate their contribution to the W1 and W2 fluxes. We subtracted the sum of the Spitzer 3.6 and 4.5-µm fluxes of RD95 A and RD95 B from the F W 1 and F W 2 fluxes of the WISE source, respectively. In the errors, we added in quadrature 10 % to account for the uncertainty of the contributing neighbouring sources. The contributions of these neigbouring T Tauri stars to the fluxes in the W3 and W4 bands were estimated from their spectral slopes (see Sect. 2.3).
Further observations in the W1 and W2 bands were obtained between 2014 February and 2017 August during the NEOWISE reactivation mission (Mainzer et al. 2014 ). The profile-fit magnitudes listed in the NEOWISE-R Single Exposure Source Tables indicate brightening of the source between 2010 and 2014. According to the NEOWISE Explanatory Supplement 5 , however, profile-fit brightnesses of saturated sources in this database are systematically overestimated, therefore these data have to be regarded unreliable, in spite of their good formal photometric quality indicators.
Archival CFHT data from 2011 and 2014. The region of L1251 containing our target was observed on 2011 Sep 19 and 2014 Jul 11 in the K s band with the WIRCam nearinfrared camera installed on the Canada-France-Hawaii Telescope (PI: K.-W. Hodapp). We downloaded the images from the CFHT Science Archive and performed photometry using IRAF. 2MASS 22352345+7517076 was saturated in each image. We determined its K s-band magnitude using the non-saturated outer part of the stellar image. For calibration we measured in the same way several stars in the field of view which have high-quality 2MASS data. The results are shown in Pattle et al. (2017) .
NOTCam photometric and spectroscopic observations in 2016 and 2017. We obtained JHK s images and K -band spectra of 2MASS 22352345+7517076 on 2016 Aug 12 and 2017 Jul 28 using the Wide-Field Camera of the NOTCam instrument installed on the Nordic Optical Telescope in the Observatorio del Roque de los Muchachos in La Palma, Spain. The spectral resolution of the instrument was R ≈ 2500, using a 0.6 ′′ slit. The spectra were obtained with AB-BA dithering and ramp-sampling readout mode in 2016, and the AB3 dither pattern was used in 2017. The total exposure time was 240 s in 2016 and 540 s in 2017. Spectra of Xenon and Argon lamps were observed for wavelength calibration, and that of a halogen lamp for flatfielding. The O9.5 type star XZ Cep, located at an angular distance of some eight degrees from the target was observed for telluric corrections. The spectra were reduced and analysed in IRAF. The K -band spectra are shown in the upper panel of Fig. 3 .
For the imaging observations nine-point dithering and ramp-sampling readout mode were applied for the J and H bands, and 9-point dither, reset-read-read readout mode for the K s-band. The total exposure times were 540 s in the J , 36 s in the H , and 10 s in the K s band in 2016, and the same figures were 1080 s, 90 s, and 27 s in 2017. We reduced the images and applied aperture photometry in IRAF. The instrumental magnitudes were calibrated using 2MASS magnitudes of several stars in the field of view. The results are listed in Table 4 .
WHT LIRIS 2017
We obtained near-infrared images and long-slit spectra of 2MASS 2235235+7517076 on 2017 October 10 with the LIRIS instrument installed on the 4.2-m William Herschel Telescope at the Observatorio del Roque de Los Muchachos (Spain). The images were taken in a 5-point dither pattern, through broad-band J , H , and narrowband K c filters, with total exposure times of 420.0 s, 18.0 s, and 60.0 s, respectively. We took low resolution spectra in the ZJ band, using the 0.75 arcsec slit width, which yielded a spectral resolution of R=550-700 in the 0.9-1.4 µm range. Medium-resolution spectrum was obtained in the K -band with the 1 arcsec slit width, resulting in a spectral resolution of R=2500 in the 2.05-2.41 µm range. The measurements were performed with an ABBA nodding pattern. The total exposure times were 180 s in the ZJ and 60 s in the K band. For telluric correction and flux calibration we observed the A0-type star HIP 25357. The data reduction was done in the same way as in . The resulting K -band spectrum is plotted in the lower panel of Fig. 3 . A false-colour image, composed of the J , H , and K c LIRIS images is shown in Fig. 4 respectively), associated with IRAS 22343+7501. To estimate the contribution of IRS 2 and IRS 3 to the mid-infrared fluxes measured by IRAS , Akari , Spitzer MIPS, and WISE , we extrapolated their SED slopes, measured on the 3.6-8 µm region, to 25 µm. We excluded the K s-band flux to avoid effects of variability and extinction. The spectral indices d log(λF (λ)/d log(λ) over the IRAC wavelength interval of IRS 2 and IRS 3 are −0.35 and −1.45, respectively. Comparison of our near-infrared observations in 2016 and 2017 with the 2MASS data has shown that these stars did not exhibit large-amplitude variations during the period of observations. We assume that the contributions of these stars to the total fluxes beyond 25 µm, as well as the contribution of the much fainter RD95 C and RD95 E sources are negligible, and the WISE W1 and W2 fluxes of IRS 1 and IRS 2 are identical with their IRAC 3.6 and 4.5 µm fluxes. The fluxes of both sources, estimated for the IRAS , Akari , Spitzer MIPS, and WISE bands, and their uncertainties, derived from the errors of the spectral indices, are shown in Table 5 . The last column shows the fluxes of RD95 D (2MASS 22352345+7517076), after subtracting the estimated fluxes of both neighbours from the catalogued data. Photometric data for λ > 25 µm are listed chronologically in Table 6 .
RESULTS
The environment of the outbursting star
The young stars of the small IRAS 22343+7501 cluster illuminate the optical reflection nebula RNO 144, excite the Herbig-Haro jet HH 149, and drive several molecular outflows ( Fig. 1) suggests that the shape and brightness of the optical nebula was not significantly affected by the outburst. The bright infrared nebula surrounding the outbursting star on the southwestern side probably is a result of the outburst.
Foreground extinction toward the line of sight of IRAS 22343+7501
The total extinction of a protostar consists of an interstellar and a circumstellar component. Although the central protostar is dimmed and reddened by the sum of both components, the circumstellar dust reradiates the absorbed light in the far-infrared, and thus contributes to the total luminosity of the system. The post-outburst J −H vs. H −K s colour-colour diagram of the outbursting star, displayed in the left panel of Fig. 7 , suggests a total extinction of AV ≈ 32 mag, whereas other members of the L1251 C clump, whose 2MASS colours are plotted in the same diagram, have AV < ≈ 10 mag. Based on spectral classification and optical photometry Kun et al. (2009) derived foreground extinctions of AV=8.88 and 9.88 mag for RD95 A and RD95 B, respectively. We adopt the average, AV=9.4 mag, for the extinction originating from the molecular cloud clump, embedding these three stars. It coincides with the result in Rosvick & Davidge (1995) , but is larger than the AV=5.4 mag, derived by Dunham et al. (2013) , by averaging the extinction of Class II sources over a wide area of the Cepheus flare star forming region. Figure 6 shows a multi-wavelength light curve of 2MASS 22352345+7517076 between 1983 and 2017. Errorbars are smaller than symbol sizes. Data points on the left side of the dash-three-dots line, that is earlier than 1999, were actually measured at different epochs. We regard them as quiescent phase fluxes. Fluxes at 12 µm were measured by IRAS and WISE . For Spitzer and Akari we interpolated the flux logarithms between 8 and 24 µm, and 9 and 18 µm, respectively, to obtain 12-µm data. We indicated with arrows dates and flux ranges of NEOWISE observations. For examining colour variations associated with the outburst 1.2-4.6 µm data are available. The J −K s colour index increased from 4.55 to 7.43 while the K s magnitude brightened from 12.87 to 7.62 (Rosvick & Davidge 1995; Onozato et al. 2015) . This redder when brighter behaviour is rare among the eruptive YSOs examined by Antoniucci et al. (2014) , and suggests variations in the disc. It shows that the proportion of scattered light is higher in the low-state J flux. The right panel of Fig. 7 
Brightness and colour evolution
Near-infrared spectra
The first spectrum of IRAS 22343+7501, displayed in Fig. 2 , was detected by the Akari IRC on 2008 August 12, on the rising part of the light curve. The flux calibration of this spectrum has been lost due to the saturation, thus we are restricted to qualitative statements. The slope of the spectrum confirms the high extinction of the source. The conspicuous absorption bands of the H2O ice at 3 µm and that of the CO2 ice at 4.27 µm resemble the spectra of edge-on YSO discs, observed with the same instrument (Aikawa et al. 2012) . No accretion signature can be seen, although the observed wavelength region contains several hydrogen lines, common in YSO spectra (Beck 2007) .
The featureless K -band spectrum observed in 2016 Au- gust, shown by the black curve in the upper panel of Fig. 3 , resembles the spectrum of the object observed in 2013 by Onozato et al. (2015) . Neither photospheric absorption lines nor accretion-indicator emission lines can be seen. The absence of atomic lines indicates strong veiling due to the hot gas in the innermost part of the circumstellar region. The low signal-to-noise spectrum obtained with the same instrument on 2017 July 28 (shown by blue line in the upper panel of Fig. 3 ) suggested the possible presence of emission lines. Emission lines of the molecular hydrogen at 2.12, 2.22, and 2.40 µm are clearly visible in the most recent spectrum, observed in 2017 October. These lines originate from shocks, due to strong accretion-related winds. Accretion-related winds expand with characteristic speeds of 100-500 km s −1 . If the outflow, giving rise to the H2 lines detected in 2017, started some ten years earlier, near the onset of the outburst, then the shocked gas, emitting the lines, is located at some 300-1000 AU from the wind launching region, around the outer edge of the outflow cavity. The available spectra display none of the FUor characteristics established by Connelley & Reipurth (2018) .
Spectral energy distribution
We constructed the SED of 2MASS 22352345+7517076 using all data listed in Sect. 2. The mid-infrared fluxes were corrected for the contribution of neighbouring sources. Figure 8 shows the SED corrected for the adopted foreground interstellar extinction of AV = 9.4 mag. Wavelength dependence of extinction was adopted from Cardelli et al. (1989) with RV = 5.5 for the near-infrared, and from Xue et al. (2016) for longer wavelengths. Different symbol colours in- dicate different epochs. Actually an epoch may cover more than one year, nevertheless they represent specific brightness levels. The spectral index α = d log(λF (λ))/d log(λ) of the extinction-corrected pre-outburst SED over the 2.0-25 µm interval, defined by the Rosvick & Davidge (1995) K ′ -band and IRAS 25-µm flux, is α low = 1.69, characteristic of a Class I YSO (Greene et al. 1994) . The same index of the outburst SED, defined by the Ks measurement by Onozato et al. (2015) and WISE 22-µm flux, is α high = 0.76, also indicative of a Class I source.
We determined bolometric temperatures and luminosities (Myers & Ladd 1993) by integrating the SED, corrected for the adopted interstellar component of extinction, for each epoch. The results are listed in Table 7 . The T bol values are also indicative of a Class I YSO.
We compared the extinction-corrected low-state SED with two-dimensional protostellar models, using the 2008 version of the Whitney et al. (2003) radiative transfer code. The model systems consist of a central star, a circumstellar disc and an infalling envelope. The envelope contains an outflow cavity of polynomial-shape. This procedure allows us to assess whether the structure of our target is consistent with such a protostellar model or not, and obtain an insight into the possible range of physical parameters of the central star and the envelope. We used the dust files distributed with the 2008 version of the code. Some initial parameters can be constrained by the shape of the SED.
The low-state bolometric luminosity is composed of the luminosity of the central star and disc accretion luminosity (White & Hillenbrand 2004) . We can constrain the luminosity of the central object with the assumption that L bol in quiescence is dominated by the contribution of the central star. It is fulfilled if the disc accretion rate is lower than some 10 −6 M ⊙ yr −1 . L bol =32 L ⊙ suggests a central protostar of 1.6-1.8 M ⊙ near the 10 5 -yr isochrone of Siess, Dufour & Forestini (2000) . We tentatively adopt this mass and age, which imply a stellar radius of 9 R ⊙ . The density of the envelope, a function of the infall rate, determines the circumstellar extinction and shapes the SED at the shortest and longest wavelengths (cf. Furlan et al. 2016) . Absence of conspicuous silicate absorption at 10 µm suggests a moderate inclination (i < ≈ 45 • ). We set the envelope outer radius to 10000 AU, a typical size for low-mass protostars. We found that 1.5 × 10
is needed to approximate the submillimeter data points satisfactorily. Furthermore, though the shape of the model SED is less sensitive to disc mass, we set it to 0.024 M ⊙ , suggested by the SMA 1.3-mm measurement ( Kim et al. 2015) . We set the disc outer radius to 200 AU, and assume that the inner radius of the dust disc in quiescence is at the dust sublimation radius. Various combinations of disc accretion rate (5.0 × 10
9.0 × 10 −7 ), outflow cavity opening angle (10
• ) result in satisfactory fitting to the quiescence SED. Keeping in mind the inherent degeneracies in the modelling and the non-simultaneity of our SED data we do not intend to find a mathemathically best-fitting model. The goodness of a model was judged by eye, looking at its apparent compatibility with the observed SED.
We find that this simple protostellar model is able to reproduce the observed low-state SED. The estimated infall rate of ∼ 2.0 × 10 −5 M ⊙ yr −1 is consistent with the adopted mass and age of the central star. The red solid line in Fig. 8 shows a model that fits well the low-state (Epoch 1) data. The disc accretion rate of the model iṡ M = 3.5 × 10 −7 M ⊙ yr −1 , the inner radius of the disc is 1.0 r subl , and the cavity opening angle is 20
• . The inclination was set to 27
• . The total luminosity of the model, 25.6 L ⊙ , is consistent with L bol , taking into account the contribution of scattered and reprocessed radiation to L bol , due to the low inclination (Whitney et al. 2003) . The envelope mass of the model is 1.13 M ⊙ , compatible with the 1.19-1.67 M ⊙ , resulted from the SCUBA-2 850-µm data (Pattle et al. 2017 ). The orange line shows a model SED, derived from the lowstate one by increasingṀacc to 2×10 −6 M ⊙ yr −1 , which fits satisfactorily the Epoch 2 data.
The SED of Epoch 3, defined by Akari data between 2.4 and 160 µm, cannot be fitted with a protostellar model, suggesting that the accretion rate is is no longer constant across the whole disc, and the major source of radiation is not the central protostar, but a hot, luminous accretion disc.
Accretion disc modelling
In order to study the accretion rate variations in a quantitative way, and to try to separate the effects of changing extinction and accretion rate, we fitted the near-infrared part of the SED of each epoch using a simple accretion disc model. Following our successful approach modelling the near-infrared SEDs of HBC 722 (Kóspál et al. 2016 ), V346 Nor (Kóspál et al. 2017b , and V582 Aur (Ábrahám et al. 2017) , we adopted a steady optically thick and geometrically thin viscous accretion disc, with a radially constant mass-accretion rate (see Eq. 1 in Kóspál et al. (2016) ). The synthetic disc SEDs were calculated by integrating the blackbody emission of concentric annuli starting from the stellar radius out to Rout. The outer radius was fixed to Rout = 2 AU (the exact value did not affect the results), thus we are left with only two free parameters: the product of the stellar mass and the accretion rate, and the line-of-sight extinction AV. We fixed the stellar mass and radius to 1.6 M⊙ and 9.0 R⊙ (Sect. 3.5), respectively. For the disc inclination 27
• was taken. We assumed that the observations obtained between 1993 and 1996 well represent the pre-outburst state, thus a quiescent SED was compiled from these data, and added to our synthetic accretion disc SED. The resulting fluxes were then reddened using a large grid of AV values and the standard extinction law from Cardelli et al. (1989) with RV = 5.5. The fitting procedure was performed with χ 2 minimization, and the formal uncertainties of the fitted parameters (AV andṀacc) were computed with a Monte-Carlo approach.
Since the data at the mid-infrared wavelengths may be contaminated by thermal emission of the dust disc, in the first step we fitted only those epochs when JHK s data points were available. The resulting three independent values for AV (31.5 ± 1.5 in 2013; 33.0±0.8 in 2016; and 32.07±1.02 in 2017) were consistent within their error bars. Since in Sect. 3.2 we presented additional arguments that the extinction is practically invariable, we fixed AV=32.19 mag, and repeated our modelling fitting only the accretion rate as the only free parameter. With this modification we were able to fit the SEDs at all the remaining epochs, because already a single K-band magnitude was sufficient to determineṀacc. The near-infrared SEDs and the fitted accretion disc models are presented in Fig. 9 . When all JHK s data are available, our models reproduce them well. At the earlier epochs (before 2008) a pure accretion disc can eventually fit the mid-infrared points as well. A definite excess over the disc model can be seen in the Akari data (2008) . In order to characterize this excess, we reproduced the 3.2 and 4.1 µm excess flux values with a Planck-function, whose temperature is also shown in the figure panel.
In Fig. 10 we plotted the resultingṀacc values as a function of time. Associated with the brightness maximum between 2010 and 2015 a definite peak is visible in the accretion rate. While the quiescent accretion rate is unknown, between 2003 and 2010 anṀacc increase of about two orders of magnitude occurred. Following a few years at peak accretion rate a rapid decline started around 2015, which 
DISCUSSION
Our results suggest that 2MASS 22352345+7517076 has recently undergone a powerful accretion burst. Both the change in the derived bolometric luminosity and the accretion disc modelling suggest accretion rates about 10 −4 M ⊙ yr −1 , typical of FUor outbursts. The major infrared space missions IRAS , ISO, Spitzer , Akari , WISE , and Herschel observed specific stages of the outburst over a wide wavelength interval. The available archival infrared data, spanning a 35-years interval, allowed us to constrain some properties of the central star and some details of the outburst process.
The central protostar
Our target is probably not older than 1-2×10 5 years, the typical age of Class I YSOs (Kristensen & Dunham 2018) . Its luminosity of 25 L ⊙ , estimated from the low-state L bol , suggests a central protostar of 1.6-2.0 M ⊙ . It will arrive at the main sequence as a mid A-early F type star. We observe it through an extinction of AV≈ 32 mag, which prevents us from detection of the stellar photosphere directly. Of the total 32 mag, AV≈ 9.4 mag arises from the foreground cloud and embedding molecular clump. The shape of the low-state SED suggests an order of magnitude higher rate of mass infall from the envelope than the disc accretion rate. This situation leads to episodic accretion bursts (Bell & Lin 1994; Bell et al. 1995) .
Evolution of the SED
Rising. To get an insight into the variations of the central regions of the system we plotted in Fig. 11 the SEDs for different epochs, corrected for a total extinction of AV=32.19 mag. We could see a SED like this looking at the system face-on, except the optical region, missing from our data set. Correcting the low-state J -band flux for the total extinction we obtain the unlikely high position plotted with smaller symbol, indicating that we observe scattered light, originated from outer regions of the disc atmosphere. Figure 11 suggests that the long-term rising of the near-infrared fluxes of 2MASS 22352345+7517076 consisted of two stages. The near-infrared fluxes, originating from the innermost regions of the circumstellar disc, increased between 1993 and 2004, whereas the 24-µm flux measured by MIPS in 2004 was virtually same as the IRAS 25-µm flux in 1983. These data point to the process of mass accumulation in the inner disc region. During this phase the nearly three-fold flux increment at 2.2 and 4.5 µm was probably caused by a similar growth of the emission area due to expansion of the dust destruction front. The mass, piled up during the eight years between the ISOCAM and Spitzer c2d observations, might drifted from a distance of 7-8 AU to the dust destruction radius (cf. Kuffmeier et al. 2018) .
The Akari data in 2007 show a next stage of the outburst: the strong brightening in the mid-infrared and even a noticeable flux increase around 100 µm show that the radiation of hot inner disc started heating the envelope. Theoretical considerations (Johnstone et al. 2013 ) have shown that the envelope responds quickly to heating in the midinfrared, thus the actual outburst, the activation of magnetorotational and thermal instability (Zhu et al. 2009 Plateau phase The outburst probably reached its brightness peak in 2009-early 2010. Our optical, I C-band images, obtained in 2009 October show a dim source, not detected earlier and too faint for photometry, at the position of 2MASS 22352345+7517076 (Fig. 1) . The same object, indicative of scattered light from the environment of the outbursting star, is also discernible in the Pan-STARRS (Chambers et al. 2016 ) y-band stacked image, observed between 2010 and 2015 and available in the Pan-STARRS1 data archive 6 . The peak of the SED shifted from the lowstate ≈ 25 µm to ≈ 4.6 µm due to the increased luminosity. This wavelength shift indicates that the temperature of the envelope photosphere (Hartmann 1998) increased from ∼ 110 K to ∼ 630 K, leading to profound changes in the envelope composition and structure. Fading. The light curve in Fig. 6 shows that the K sband flux of the protostellar system started declining in 2015. The present fading may either indicate the end of the outburst or may be episodic. Temporary decreases in accretion rates were observed in several FU Ori type stars, e. g. in V1647 Ori (Aspin et al. 2009 ), HBC 722 (Kóspál et al. 2016 ), V899 Mon (Ninan et al. 2015) , and V346 Nor (Kóspál et al. 2017a ). The observed flux evolution of 2MASS 22352345+7517076 suggests that a clump of matter, resulting from gravitational instability of the outer disc regions, was accreted onto the star. The few-years time scale of variations in the accretion rate suggests that the clump might have formed within 10 AU from the centre. Figure 10 suggests that the central star accreted nearly 10 −3 M ⊙ , about a Jupiter mass during the present outburst.
Comparison with other outbursting protostars. The K -band spectra of 2MASS 22352345+7517076 differ from those of bona fide FUors (Connelley & Reipurth 2018) , and classify this star a peculiar eruptive star with some FUorlike properties. Its peak L bol ≈ 165 L ⊙ was somewhat higher than the median bolometric luminosity (99 L ⊙ ) of the sample examined by Connelley & Reipurth (2018) . The VISTA Variables in the Via Lactea (VVV) survey of the Galactic mid-plane (Contreras Peña et al. 2017a) resulted in the discovery of 70 eruptive Class I protostars. Their K -band amplitudes are mostly smaller than 3 mag. The observed outburst of our target was an exceptionally energetic event. Most of the eruptive stars of VVV show near-infrared spectra characteristic of known FUor or EXor type stars. No featureless spectrum similar to that of our target can be found in the spectroscopically confirmed VVV sample (Contreras Peña et al. 2017b ). The six-year duration of the plateau phase of the outburst is longer than the average of four years, estimated by Contreras Peña et al.
(2017a) for the outbursting protostars of the VVV survey, and much shorter than a typical FUor outburst. The featureless K -band spectrum, the outburst time scale, and bolometric temperature resemble the deeply embedded outbursting protostar OO Ser (Kóspál et al. 2007) , although 2MASS 22352345+7517076 is more massive and had some five times higher peak luminosity. The similarity suggests that the outburst attributes depend more on the mass reservoir available in the envelope than on the mass of the central star.
The long brightening at the wavelengths below ∼10 µm, without appreciable increasing of the inner disc temperature suggests that a considerable portion of the eruptive stars detected by near-infrared surveys may stay in the phase of pre-outburst mass accumulation. The increased mid-infrared fluxes indicate the real outburst of embedded YSOs.
SUMMARY
We present infrared observational data of the protostar 2MASS 22352345+7517076, spanning a 35-year period. During this period the star underwent a strong accretion burst. The SED of the system over the 2-160 µm region was sampled at three specific brightness phases: (1) The time scales of the outburst support the scenario presented in Kuffmeier et al. (2018) : a clump of a Jupiter mass, formed by gravitational instability of the disc at some 7-8 AU from the centre was accreted onto the star during the orbital time.
The K -band spectra, observed during the plateau phase, were strongly veiled, and H2 emission lines, indicative of a new outflow, appeared in the spectrum obtained in 2017. These spectra classify 2MASS 22352345+7517076 into the group of peculiar eruptive young stars, defined by Connelley & Reipurth (2018) , different from classical FUors.
The Herbig-Haro jet HH 149 is probably driven by another protostar of the small cluster associated with IRAS 22343+7501.
